The data concerning the effects of pesticides of different nature on the phytopathogenic bacteria was examined and summarized. Without extensive research on the mechanisms of interaction between pathogenic bacteria and pesticides in the literature review a similar message about microorganisms of soil and phyllosphere are included. The bacteria can be suppressed permanently by pesticides with a mechanism of action that universally affects biological processes in living systems. Long-term storage, ease of use and fast visible effect are the advantages of synthetic pesticides remedies. But chemical pollution, shifts in the balance of ecosystems, unpredictable effects of chemical pesticides on non-target objects are the drawbacks. Stimulation of resistance response in plants is unifying factor for all types of biopesticides. This is realized through localization of the pathogen during infection, blocking its further penetration, distribution and reproduction. The results of the study of effects of plant protection products on the phytopathogenic bacteria of main crops are described. Among all tested pesticides, thiocarbamate fungicides demonstrated significant inhibitory action on phytopathogens, but their effect may be neutralized by other constituents of multicomponent preparations. Triazole fungicides affect the causative agents of bacterioses of crops at a dose of more than 1% of the active substance in the nutrient medium. Insecticides and herbicides have little or no effect on phytopathogenic bacteria; however they can enhance morphological dissociations of some Pseudomonas strains, thereby increasing their ability to survive. The disadvantage of many biopesticides against phytopathogenic microorganisms is the difference between their efficacy in vitro and in vivo that is why the desired result is not achieved in field condition. In addition, biological pesticides often lose their activity causing the problem of constant search for new active antagonists. The fact that the sensitivity of phytopathogenic bacteria to pesticides is strain-dependent should be considered in practice, particularly, assessment of the antibacterial action of various preparations should not be limited to a single bacterial strain.
Introduction
For a long period of rapid industrial development natural processes prevailing in biological communities was ignored by humanity. This attitude led to the violation of environmental performance. The negative changes in case of intensive agriculture deserve special attention. Was estimated that in the current conditions on the planet lives about 30,000 weed species, 10,000 species of harmful insects and other arthropods, 3000 species of nematodes, 120,000 species of fungi, pathogenic viruses 600 species and 100 species of phytopathogenic bacteria. In many countries a key role in protecting plants, thru effectiveness against target objects, have synthetic pesticides. The flip side of the coin it is widespread and often uncontrolled use the agrochemicals. All it leads to the accumulation of pesticides and their metabolites in ecosystem and, consequently, to disruption of food chains, to suppression of natural regulation of harmful agents and to pollution. With pesticide residues agricultural products loses primary commodity value and becomes potentially dangerous to human health [1] . In addition, the widespread use of pesticides is causes the population resistance in harmful agents. Therefore, the defence plants increase the dose and frequency of treatments, which also increases the negative effects [2] .
Pesticides, depending on their chemical structure, fall in living cells in the form of aqueous solutions per concentration gradient (polar inorganic substances) or dissolved in the lipid layer of the membrane (lipophilic organic substances). Also are possible penetrations through the active transport with consumption energy of macroergic compounds. Mineral pesticides penetrate as ions or molecules, because the solubility of this class of drugs is directly proportional to the speed of permeability into the cell. However, the majority of pesticides belong to organic compounds that are mainly lipophilic. Having got in the living cell, pesticides change the physical and chemical properties of the cytoplasm, pH, destroy membranes of organelles, violate the terms of normal functioning cellular proteins. Adaptive reactions to pesticides in organisms occur in the correction of various biochemical and physiological processes that ensure their continued existence of that anthropogenic load condition [3] .
Usually, plant protection products classified under the action of harmful objects. But insecticides, fungicides, herbicides use in agriculture against target objects do not provide the removal of bacteria from ecosystem. Therefore, pesticides violate the ecological balance between bacterial and fungal microbiota, particularly that do not exhibit antibacterial action [4, 5] . As result is growing problem of bacterial diseases. Moreover, in the world there is a tendency to spread and homogenization of the species composition of pathogens [6] . Bacterial plant diseases spread and acquired a global significance; their pathogens have become more aggressive and deleterious. For example, usually epiphytic species Pantoea agglomerans acquired ability to cause epiphytotic [7] . Important is wide host range of most the pathogens, especially concerning weeds, their ability to surviving on plant debris, which providing constant circulation of pathogens in agricultural phytocenosis. Pathogenic bacteria always accompany both cultural and wild plant species. Under favourable conditions they affect all organs of plants and seeds during the growing season. These worsen the quality and reduce the volume of harvest, leading to significant economic losses to agriculture. In addition, often in determining the etiology of the disease, found mixed bacterial and fungal infections of plants, which complicates diagnosis and identification of the pathogen. According to some authors, bacteriosis often preceded fungal disease.
In Ukraine, by the efforts employees of Department of Phytopathogenic Bacteria investigated phytopathogenic and saprophytic bacterial microbiota surface and internal tissues of wheat, soybean and other species (Table 1) . Revealed, that the quality composition of the dominant saprophytic epiphytic bacteria is different from the spectrum of endophytic bacteria. Studies have shown changing of quantitative and qualitative composition pathogenic, epiphytic and entophyte microflora depending on the phase growth and development of plant. Especially dangerous is widespread in the world and in Ukraine phytopathogenic bacteria Pseudomonas syringae, Pectobacterium carotovorum and Xanthomonas translucens, which affects crops and reduce grain yield by 40%, and during epiphytotic -more than 70%. Harmfulness bacterial diseases of cereals manifested in the formation of spots in different plant organs, violation of photosynthesis, the loss of individual organs or the whole plant; reducing the total number and length of ears, number and quality caryopsides in the ear. The emergence and spread bacteriosis of legumes annually in different regions of Ukraine and generally in the world inflicts significant damage and happens phased. In the period from germination to flowering predominate diseases that cause phytopathogenic bacteria genus Pseudomonas [8] , but mainly from the flowering phase and of the ovary bean, pathogens attached to them genus Xanthomonas, after which arises is a mixed infection [9] .
In the fight against phyto pathogens arise some difficulties, because bacteria form a biofilm on the surface of plants which simultaneously performing structural and protective function, and in some cases -even the reserve of nutrients [5] . In such conditions, increase bacterial resistance to deficiency of nutrient substrate, temperature, exsiccation, ultraviolet radiation and to chemical pesticides. The problem is also exacerbated due to the small range of plant protection products from bacterial disease. With the used widely drugs, antibacterial effects have pesticides, which include metals (Cu, Hg, Mn, Zn, Fe) or halogens (Cl, I). Quinolones and benzimidazole derivatives also showed the antimicrobial action. In many countries, the fight against bacteria in agriculture conducted by the copper substances and antibiotics. But appear are more resistant strains [10] . Also recommended for combating to bacterial diseases of plant, Fitolavin 300 (biological product based on bacillus) and Thiram (dithiocarbamate). But this is not enough, given the rapid adaptation of bacteria to bactericides substances. Therefore, in parallel with monitoring bacterial pathogens of plants, is searched the means of combat and control of their quantity on insignificant economically and safe environmentally level. We checked pesticides both chemical and biological origin. The environmental effects of synthetic pesticides estimated ambiguously. With proper use of pesticides, this compounds show a positive impact. On the other hand, the volume of pesticides so great that causes significant environmental shifts. Mutagenic, carcinogenic, allergenic effects of pesticides on biological objects were detected. Environmental pollution by the chemical toxicants, including mutagenic and genotoxic action violates not only the composition of microbial communities, but also leads to changes in the genetic apparatus. The result is a changing eco-physiological property of the microorganisms, environmental and epidemiological consequences of which are yet to be determined. Perhaps, adaptation to chemical elements promotes genetic rearrangements which determine microevolution bacteria. Such adaptations may be accompanied by increased pathogenicity of microorganisms and expanding the range of their hosts. Therefore, on the continuous reduction of pesticide residues in biogeocenosis focuses modern environmental strategy.
Having got in the soil, pesticides migrate down the profile with flow of rain and irrigation water. Speed and the deepness migration depend on the dose, volatility, adsorption of toxicants, as well as the aqueous and thermal regime of soil. Residual amounts of certain pesticides detected at a depth of 2 meters or deeper. Accordingly, pesticides significantly effects on soil microbiota, which alters the response from a high resistance to strong sensitivity. Under the influence of pesticides, most notably decrease the number of nitrifying microorganisms and soil fungi (Penicillium, Fusarium, Humicola, Mucor, Trichoderma). Bacteria (Pseudomonas, Corynebacterium, Flavobacterium) and actinomycetes are experiencing lesser stress, especially those associated with rhizosphere [11] . Suggest that the more negative effects of pesticides feel the autotrophic and diazotrophic bacteria -evolutionarily older organisms, the genetic basis of which was formed in the absence of physiologically active compounds in the Earth's primitive biosphere.
Interactions of pesticides with soil microorganisms are devoted much larger number of studies, compared the studying effect of pesticides on phytopathogenic bacteria [12] . However, some general aspects and biological mechanisms of action can be extrapolated on the phytopathogenic bacteria [3, 13] , especially with regard to the origin of major pathogen's groups from soil. Often the researchers have noted the negative impact of agrochemicals on microorganisms [14] . However, the effect of pesticides on the microbiota is not always negative, and substantially depends on the type of used pesticide [15] . For example, entering to the soil organic residues as result a massive loss of weeds after herbicide application can increase the size of some groups of microorganisms [16] .
Herbicides
The largest share of pesticides used both in Ukraine and abroad makes up herbicides [2] . The bacteria are sensitive to herbicides with mode of action affecting the universal biological processes in living systems. For example, herbicides from the sulfonylurea affect on the acetolactate synthase, which involved in the synthesis of valine, leucine and isoleucine in the plants and microorganisms. Toxic effects of drugs relative to fluorescent pseudomonades were neutralized by introduction of these amino acids into the medium. For example, sulfonylurea herbicides affect on the acetolactate synthase, which involved in the synthesis of valine, leucine and isoleucine in the plants and microorganisms. Toxic effects of drugs relative to fluorescent pseudomonades was neutralized by introduction these scarce amino acids into the medium. Authors explained difference of strains sensitivity with isomerism of this enzyme [17] .
Amine salt of 2, 4-dyhlorfenol acetic acid suppressed in the experiment pure cultures of phytopathogenic bacteria Erwinia and Pseudomonas genera. This pesticide increased total carbon microbial biomass, growth and activity of phosphate mobilizing microorganisms, expressed in the increase of mobile phosphorus in the soil [18] . However, cross-reactions blocked in plants by herbicides, inherent for bacteria too, but they are capable to alternative ways of these processes. Many researchers have noted an increase in the number of microorganisms under the influence of herbicides. Moreover, according to the literature a large number of bacteria, especially from Pseudomonas genus have the ability to degradation of pesticides and the use of these xenobiotic as carbon sources [19] . The destruction of herbicides in the environment occurs via participation by the soil, epiphytic and endophytic bacteria, particularly by the principle of co-metabolism. For example, the effective utilization of atrazine bacteria from the Pseudomonas, Rhodococcus, Rhizobium, Ralstonia, Agrobacterium, Clavibacter, Nokardioides genera were described. Since xenobiotics are stress factor for microorganisms, the adaptation to it comprising forming genetically metabolic pathways of degradation. There is a gene expression atzABC atrazinechlorine hydrolase that can convert atrazine in 2-hydroxy atrazine. Speed of atrazine mineralization correlates with the presence and number of such genes. For this purpose, the most widely used Pseudomonas sp. Bacteria of this genus are able to withstand strong anthropogenic pressure and adapt to new chemical pollutants. Such adaptations can appear as like morphology changes and genotype of bacteria. Resistance and destructive ability of microorganisms relatively herbicides, gives reason to consider such bacteria as potential reductants of environment. Identified endophytes plants possessing destructors-genes of pesticides [20] , conducted their selection and transfer in transgenic plants [21] . However, along with positive aspects, there is a hypothetical risk of bacterial transfer and horizontal distribution of these genes [22] and consequently, emergence of resistant populations of weed.
Insecticides
The unique enzymatic systems of plants are the targets of herbicides, which are absent in animals or humans, but in the case of insecticides is just the opposite. Similar reactions are inherent of warm-blooded animals, which cause most of the potential danger of insecticides for the human body. For example, enzymes organic phosphorus inhibitors, except esterases and lipases, inhibit the activity of trypsin, chymotrypsin, plasmin, thrombin. According to the literature triozephosphorous insecticides are highly toxic to bacterial and fungal soil organisms [23] . However, strains with the potential utilization of diazinon are isolated from soil. Dіazinon-degradable Serratia marcescens strain is also able to utilize other organic phosphorous insecticides (chlorpyrifos, parathion and fenitorotion) [24] , but less than representatives of Pseudomonas, Agrobacterium and Bacillus genera [25] . Plants are a source of microorganisms-destructors insecticides, especially rhyzosphere. Burkholderia genera strains with the ability to degradation of organic phosphorus fenitrotion insecticide, which are genetically related with representatives of soil and phylosphere microflora, was isolated and identified out of resistant insects [26] . In this case resulting in phytophage resistance acquired through symbiosis with OPC (organophosphorous compounds) bacteria-destructors. Pyrethroids lambda-cyhalothrin showed a clear stimulating effect regarding to the soil microflora, thus inhibiting mold fungi (fungistatic effect), especially at higher concentrations. Bacillus and Pseudomonas genera strains isolated from soil treated with the drug mentioned above are able to grow in an environment with pesticides and use it as a single carbon source. Thus one of the Pseudomonas sp. strains reduced concentration of lambda-cyhalothrin more than in 20 times in 60 days.
Most researches of insecticides action, as other pesticides are designed to determine the overall response of soil and phyllosphere microbial communities. So analysis of phospholipids fat acids (PLFA) showed that cypermethrin treatment plants led to a significant increase in the total bacterial biomass and decrease biomass mushrooms. Also it was observed the increasing of number Gram-negative bacteria of phyllosphere comparatively with gram-positive, which may be explained by usage of cypermethrin dominant group as a nutrient medium. In addition, new restriction fragments resulting PCR analysis showed that bacteria may play an important role in the degradation of insecticide. The disappearance of some restriction fragments points out the phyllosphere bacteria can serve as a potential indicator of microbial sensitivity to the effects of pyrethroid insecticides [27] . Researchers note similar results regarding neonicotinoids. Thus, imidacloprid reduces the total bacterial soil pool for 14-28 days. Number of Gram-negative bacteria increases in later experiments compared to Gram-positive bacteria. That is changes in quantitative and qualitative composition of soil microbiota occur. The authors argue that the existence of the phenomenon is caused by bacterial evolution towards the utilization of the given insecticide via the selective increase of the destructor population, which has been proven by the change in electrophoretic lanes of amplification products and decrease in the total amount of imidacloprid in specimens analyzed [28] . Such complex research establishes the fact of the Gram-negative bacteria percent increase, although they do not provide the information about the sensitivity and characteristic responses of phytopathogenic phyllo-and rhizosphere to insecticides.
Fungicides
Fungicidal pesticides group is the most studied and most effective in relation to bacteria. Firstly, by removing fungal-bacterial antagonism, fungicides also free an advantageous niche for bacteria [4, 5] . Secondly, the antibacterial activity is demonstrated predominantly by metal-based pesticides, the usage of which in the contemporary rural economy significantly decreased as they were substituted by triazoles, benzimidazoles and thiocarbamates [1, 2, 29] .
Fungicides can effect both on vital biochemical processes in pathogen cells and on the pathogenesis in plants (pseudo fungicides, elicitors). For example glycoprotein substance, arachidonic acid causes accumulation of phenolic compounds in potato tubers, causing resistance to late blight. Formations of phenolic and nitrogen compounds are stimulated in the wheat tissues by 4-thiocyanate aniline, but in cucumber and apple tissues -by phenyl urea derivatives. When processing pea plants monilikolin A polypeptide, ions of heavy metals (copper and mercury) cause the formation of pisatin phytoalexins and in plants beans -similar dynamic phaseolin antibiotic. Validamycin antibiotic inhibits myoinositol formation -pathogenesis factor of some mushrooms. Aluminium phosethyl in affected plants, unlike uninfected, stimulates phytoalexin-like substances and phenolic compounds synthesis. Elicitor general principle of action is to stimulate the immune response of plants, which is very effective in the fight against bacteriosis [30] .
Fungicides composed of heavy metals (Cu, Hg, Pb, Sn, Ag and their salts) are related to specific inhibitors of enzymes and other vital cellular components. But this continuous action of preparations leads to the accumulation of metals and changes in biocenoses. For example copper and its compounds can inhibit soil and reservoirs microflora, thus disrupting the processes of mineralization of organic compounds, including pesticides. Cu-containing preparations recommended for use against bacteriosis lead to selection of resistant strains of pathogens with typically plasmid-mediated [10] .
Studies of previous years showed that some fungicides can induce mutations of pathogens and Salmonella test strains in the standard semiquantitative Ames test. For example Fundazol (benomil), Maxim (fludioxonil) thiophene (tiofanat-methyl) preparations, used for the protecting of cereals not inhibit the development of pathogens of these cultures, but have for their mutagenic effects. In addition, all three tested preparations exhibit mutagenic effect on test-strain S. typhimurium ТА98. Mutagenic activity of pesticides is extremely dangerous environmental factor that can lead to the emergence of pathogens with increased aggressiveness and adaptability to agrocenosis conditions stimulates the growth of the highly aggressive pathogens population.
The advantages of synthetic crop protection are long-term storage. Most of these pesticides do not need sterile conditions during storage and usage. The other positive aspect of chemical pesticides is their quick action. The effect depends on their meeting with the target molecule in the cell, that is the speed and amplitude preparation action will depend on the concentration. Changes caused by xenobiotics residence in nature, their toxic effects, resources for their production, storage and utilization of preparations themselves or byproducts of their synthesis, remediation of contaminated soil and groundwater do not demonstrate benefit of chemical pesticides usage. Therefore, appropriate and environmentally safe is development and introduction of biological methods of plant protection.
Biological preparations
Biological plant protection based on the antagonism, competition and hyper parasitism phenomena. This method is to use the microorganisms and their metabolic products (inductors) to inhibit the development of pathogens and plant pests. Bio preparations exhibit suppressive effect against harmful object or to induce an immune response to it what provides plant resistance against pathogens and phytophagy. However, biological plant protection is not only in entering biological preparations in agrocenosis, but also in maintaining the natural enemies of pathogens that supports the natural regulation of pathogens.
Biological products mainly include pesticides based on viruses, bacteria and fungi. Principle of their action is in specialization of pathogen on a separate harmful form or on a narrow range of closely related species.
The most frequently used antagonists are fungi of Trichoderma, Trichothecium genera, radiant mushrooms (Actinomyces sp.), bacteria (Bacillus subtilis, P. aurefaciens) and their metabolic products. Thus, hyper parasite Tuberculina persicina inhibits the development of aecia, lyses aeciospore of rust fungi (Puccinia coronifera, P. graminis, Gymnosporangium sabinae and other) on their intermediate hosts. Pycnidiales Darluca filum mushroom parasites and significantly reduces the development of pathogens of wheat brown leaf rust, blister rust and cluster cup rust of gooseberry and black currant. Cicihnobolus cesati mushroom grows and develops on exogenous mycelium and conidia sporification of gooseberry, cucumber, apple and other crops mildew pathogens. Coniothyrium minitans mushroom parasites on sclerotia of white rot pathogen of many plant species (Sclerotinia sclerotiorum), charcoal rot (Sclerotium bataticola), and hyper parasite Sporidesmium sclerotiorum -on Sclerotium cepivorum sclerotia.
Among preparations Funhistop based on fungi the (Trichoderma viride fungi spores), BT Tryhodermin (Tr. lignorum fungi spores), Tryhovit (Tr. lignorum fungi spores), Kazumin (Streptomyces kasugaensis product of fungi fermentation), Mikosan В (Fomes fomentarius alkaline fungi extract + chitosan) are used. Also it is used metabolites of fungi such as antibiotics used for struggle against mycosis and bacteriosis: Trichothecin antibiotic is produced from culture fluid of Trichothecium roseum fungi, Phytobaсteriomicin -from Streptomyces griseus or S. lavendulae.
Metabolites producers strains that are active against used pathogenic bacterial test cultures are detected in the study of Streptomyces's antagonistic activity isolated from Ukraine soil samples with different anthropogenic pollution. It is found that Clavibacter michiganensis 13a and Xanthomonas сampestris 8003b are the most sensitive, and Agrobacterium tumefaciens UKM B-1000 strain is least sensitive. But the used Pectobacterium and Pseudomonas strains are the most stable. However, metabolites of Streptomyces sp. L25 strain influenced on Pectobacterium carotovorum UKM В-1095. Also in comparison with previous years a significant decrease in the number of active Streptomyces's strains regarding to the Pseudomonas syringae UKM В-1027 Т is revealed. Bacterial preparations are used as antagonists against plant pathogens and are competitors to mushroom preparation. The most active kinds of bacteria are Pseudomonas and Bacillus.
It is well known antagonistic effect of representatives of Bacillus genus on various phyto pathogens. Preparations based on B. amyloliqеfaciens, B. subtilis and B. thuringiensis for protection against pathogens and insect pests are created [31] . Bacteria of Bacillus genus is shown to inhibit the development of infection caused by Clavibacter michiganensis subsp. michiganensis in tomato. Preplanting treatment of seeds with suspensions Bacillus subtilis UKM B-7023 and Bacillus pumilus 3 helped increase plant resistance to bacterial disease of cancer, probably due to the bacteria synthesis of biologically active substances with antimicrobial properties. Between two strains of bacilli that differ in antagonistic properties against C. michiganensis subsp. michiganensis, only B. subtilis UKM В-7023 strain, which is a part of the bacterial preparations for plant growing, showed a significant stimulating effect on the growth and development of tomato.
Identification of possible antagonistic action of its bases -Bacillus thuringiensis against representatives of most common and harmful pathogenic bacteria was conducted during the creation of biological insecticides Bitoksabacilin preparation. This strain showed an average level of antagonistic activity to Xanthomonas campestris pv. campestris 8003b and low level to Pseudomonas syringae UKM В-1027 Т , C. michiganensis subsp. michiganensis 10 2 , Agrobacterium tumefaciens UKM B-1000, C. michiganensis subsp. sepedonicum UKM Ac-1995. Bacteria Bacillus genus are able to produce exocellular amino acids including essential (threonine, alanine, tyrosine, histidine, valhin etc.) and vitamins in great amount.
Pseudomonas are promising group of bacteria for biological control because of colonization a wide range of single and dicot plants, and forming a stable association with the plant throughout the growing season. Rhizosphere saprophytic pseudomonas (P. fluorescens, P. putida, P. aureofaciens and other) are natural regulators phytopathogenic microorganisms number [32] . These nonspore-forming bacteria characterized by rapid growth, production of antibiotics, bactericins, siderophore, growth stimulants. Phenazine-1-carboxylic, phloroglucinol derivatives, pirolnitrin are found among antibiotics produced by pseudomonas. Siderophores of pseudomonas create stable complexes with trivalent iron, depriving many species of pathogenic fungi from required element of a food resulting in their development inhibition.
Extracellular proteases of bacterial antagonists play an important role in lysis of pathogens cell walls. Preparations, that hydrolyze cell walls, usually are mixture of different enzymes and they actually contain several proteases (hydrolases that cleave the peptide bond between amino acids in proteins).
The disadvantage of many bacterial and fungal preparations that are used against phytopathogenic microorganisms, is the difference between their efficacy in vitro and in vivo, therefore the desired results are not achieved in field conditions. Biological preparations often lose their activity the problem of constant search for new bacteria -active antagonists.
The use of biological products based on bacteriophages as a preventive and therapeutic agent of disease control has several advantages, such as high specificity of action; less probability of resistance development compared to antibiotics; the presence of lytic enzymes by which phages destroy exopolysaccharide matrix of bacterial biofilms that prevent the effective use of antibiotics or pesticides. The research data of bio preparation based on phages consortium indicate its activity against the bacteriosis pathogen of cucumber. Bio preparation contains physiologically active phages that can lysis cells of pathogenic bacteria of the Pseudomonas genus, namely P. syringae, P. fluorescens and P. putida bacteria.
Some researchers have noted a positive effect on the plants and reduce the manifestations of bacterial diseases due to the treatment of seeds or vegetative plant with amino acids. The experimental results showed that a specially selected set of amino acid positively affects sunflower plants by stimulating immunity to P. syringae phytopathogenic bacteria. Also there are reports about implementation in practice of protection of some plants by processing with extracts of others. Thus protein extract from the tops of potatoes is used as part of a wax citrus mixture [33] .
The unifying factor for all types of bio pesticides is to stimulate plant response that may be triggered by a foreign body (bacteria, viruses, fungi) and its parts or metabolites [34] . Inductors of disease resistance are compounds that trigger signalling pathways of gene activation. They stimulate protection reactions and formation of plant resistance to fungal, bacterial and viral pathogens. This stability is realized through localization of pathogen in the course of infection, blocking its further penetration, distribution and reproduction in plants.
Natural inductors of basic stability include group of molecules of plant origin such as fragments of pectine, cutine, cellulose, xylose and other protective polymers that are released by the action of hydrolytic enzymes (cellulaze, cutinize and pectinaze) and plant organism perceives them as signals of pathogen presents. Plants receptors are able to recognize their own (endogenous) molecules associated with damage. It is created an effective preparations based on nonspecific elicitors of microorganisms -hyaluronic acid, chitin, chitosan and have practical application in plant protection.
Materials and methods
The collection strains of bacterial pathogens, which are used as test cultures to determine the toxic effects of pesticides chemical and biological origin were the object of research. Bacteria strains obtained from the collection of live cultures of phytopathogenic bacteria department of Zabolotny Institute of Microbiology and Virology of the NAS of Ukraine. Pesticides registered and approved for use in Ukraine were used in experiments ( Table 2 ). The sensitivity of researched bacterial pathogens to preparations in laboratory conditions was checked by methods of pesticide introduction into nutrient medium -potato agar (PA) in a manufacturer recommended dose and by drop method. In the first case the action of preparations was evaluated by the presence or absence of bacterial cultures growth on Petri dish after 48 hours at 28°C. In the second case, checking the presence of bacteria growth inhibition zones while introducing 0.1 cm 3 (in the center of Petri dishes) of pesticides in recommended dose on the surface of the bacterial culture under the same conditions. Biopreparations were added to the Petri dish surface, inoculated bacterial suspension at a concentration of 10 8 CFU per dish. Also bacteria cultured 24 hours in liquid nutrient medium with the recommended doses of pesticides and sowed aliquots of bacterial suspension in PA.
Results
During researches of pesticides influence on pure cultures we found that the effect of the drug on phytopathogenic bacteria depends on the presence and quantity of water molecules in the environment, namely: in liquid nutrient medium impact of agrochemical remedies is more significant than in composition of the nutrient agar medium. The possibility of pesticide passing through the cytoplasmic membrane also depends on the chemical composition, size and configuration of molecules, electric charge, solubility in lipids. Therefore, the absence of non-target pesticide antibacterial action can be also explained by the failure of active substances to penetrate cell membrane or disrupt its functioning in addition, most pathogenic bacteria form a biofilm, so their survival in the colony or microcolony is higher than in liquid cultivation.
Our results showed AN absence of significant influence of herbicides in concentrations recommended by the manufacturer on bacterial growth (Tables 3 and 4) . But it should be admitted the strain sensitivity to specific preparations within a species that must be considered when testing new preparations. According to the data presented in the Table 4 P. savastanoi shows sensitivity to the preparation with the rimsulfuron active substance, unlike tribenuron-methyl. Both herbicides are derivatives of sulfonylureas and block acetolactatesynthetase enzyme inhibiting valine, leucine, isoleucine synthesis. However affinity of the herbicide molecule with the active center of the enzyme depends on the unique isomerism of last one. It is also possible that selective action of preparations relatively P. savastanoi is associated with greater solubility, polarity and with number of open active groups of rimsulfuron molecules compared with tribenuron-methyl. The Agrobacterium and Clavibacter genera in pure culture are sensitive to chlorinesulfuron herbicide. In our research dangerous phytopathogenic A. tumefaciens UKM В-1000 strain demonstrated high sensitivity to prometrin as Р. syringae UKM В-1027 Т . The presence of the same substance and acetochlor suppressed the growth of Р. fluorescens in experiment (Table 5 ). Our data shows that herbicide combined with active Tribenuron-methyl + Tryphensulfuron -methyl substances, despite the low concentration of active substance in the recommended dose, increases resistance of P. syringae UKM В-1027 Т (NCPPB 281) and P. syringae pv. atrofaciens UKM В-1011 (PDDCC 4394) strain to streptomycin antibiotics (data not shown). This result can be regarded as mutagenic effect. A similar effect was observed in the study of hexachlorohexane impact on soil bacteria. However streptomycin-resistant mutants were more sensitive to organochlorine insecticide compared with the original strain. The absence of herbicides antibacterial action enables microbial populations to exist and to change. Some authors note mutagenic effects of both the herbicidal agents [35] and extracts of plants treated with herbicides.
Insecticides exhibit inhibitory effect on bacteria only in high concentrations, likely due to the chlorine content in the molecules of drugs. It is interesting that pyrethroid Twiks (cypermethrin and chlorpyrifos) and Alpha Super (alpha-cypermethrin) insecticides, when added to liquid culture medium for the cultivation, cause morphological dissociation of P. syringae pv. atrofaciens PDDCC 4394 colonies (Fig. 1) . Table 6 The sensitivity of wheat bacteriosis pathogens to fungicides 
RD -recommended doze, these doses are presented in Table 2 ; --sensitive culture, growth absence; ± -moderately sensitive culture, weak growth; + -not sensitive culture, bacterial growth, I, II, III -different fungicides with the same effect on phytopathogens
Preparations containing mancozeb, metiram, dithianon exhibited antibacterial activity among tested preparations of fungal direction (Table 6 ). It is known derivatives of tio-and ditiocarbamino acids -maneb, mancozeb, thiram, zineb to inhibit different biochemical processes in cells of pathogenic fungi. Substances of this group deactivate sulfhydryl groups of enzymes, which take part in many reactions of biosynthesis and transport of substances in protoplasm. They also inactivate enzymes responsible for the ATP synthesis, the conversion of glucose into pyruvic acid, amino acids and fatty acids into acetyl coenzyme A in respiration process. Preparations based on them exhibit antibacterial activity, therefore are used in medical practice [36] . Maneb and mancozeb, unlike other fungicides of this chemical group, do not suppress the citrate acetate biosynthesis. The Metconazole and combined Triadimenol + Folpe preparation totally suppressed the growth of all bacteria at a dose ten-times higher than the dose recommended by producer. P. syringae pv. atrofaciens K20, 9400, P. syringae UKM В-1027
T strains are selectively sensitive to ternary Tebuconazole + Triadimenol + Spiroxamine preparation in RD, but X. translucens 3164 strain are partially sensitive in concentration reduced in ten times. Fungicide at increased ten-time dose affected the growth of all experimental strains. Tebuconazole in RD only delayed growth of X. translucens 3164 and P. syringae pv. atrofaciens 9400 strains, but at a concentration ten-times higher -P. syringae UKM В-1027
T and P. syringae pv. atrofaciens AF4, K20, 9747, 9780 strains. The action of Difenoconazole triazole was similar - Table 6 .
Fungicides based on triazoles are the most common and effective against fungal diseases, especially tebuconazole, whose decay products (D-5 sterols) also affect the ergosterol synthesis in fungi cells by inhibiting the demethylation at position C-14. There are mention in the literature about triazoles activity against certain bacteria (streptococci, staphylococci and bacteroides Trichomonas), but such action is poorly understood. We observed that the triazoles inhibitory effect on major crops bacterioses pathogens begins to manifest in case of contents in 100 cm 3 of agar nutrient medium is greater than 0.5-1h [cm 3 ]. Benomyl in RD selectively reduced growth of X. translucens 3164, P. syringae UKM В-1027 T , P. syringae pv. atrofaciens AF4, K20 and 9010 strains, a tenfold increase of doses have affected all tested strains but did not neutralize them completely. Only increased tenfold dose of thiophanate-methyl predetermined partial growth inhibition generally sensitive to xenobiotics of P. syringae UKM В-1027 Т , X. translucens 3164, P. syringae pv. atrofaciens AF4, K20, 9010. Kresoxim-methyl did not affect the growth of pathogens, even at tenfold increased concentration. Aluminium phosethyl in RD partially inhibited the growth of studied bacteria, but P. syringae UKM В-1027 T , X. translucens 3164, P. syringae pv. atrofaciens 9400 strains -fully (Table 6 ). Perhaps impact of this substance will be more bactericidal in vivo including stimulation effect on the immune response system of the plant.
Mancozeb also shows antibacterial activity against bacteriosis pathogens of leguminous plants ( Fig. 2 ; Tables 7 and 9 ). Table 7 The influence of fungicides on the growth of legumes phytopathogenic bacteria Preparations containing mancozeb in combination with metalaxyl stop the growth bacteria in the studied dose recommended by the manufacturer. Growth inhibition zones of bacterial culture of 25 mm or more can be considered to be highly sensitive to the preparation. It is interesting the change of mancozeb with propamocarb hydrochloride action. In this combination it virtually has no effect on phytopathogenic bacteria, except C. michiganensis subsp. michiganensis 10 2 and A. tumefaciens UKM В-1000 (Table 7) . Perhaps propamocarb hydrochloride partially deactivates antibacterial effect of mancozeb.
The preparation has no effect on P. fluorescens, which is facultative phytopathogen and often found among phytoplan microbiota as saprophyte ( Fig. 2 ; Tables 7 and 8 This is a positive phenomenon, because screening of plant protection products must be done by the path of least interference in the functioning of epiphytic microbiota. Antibacterial activity of tebuconazole to pathogens of angular spot P. savastanoi pv. glycinea (with few exceptions) and of wild bacterial burn of soybeans P. syringae pv. tabaci 225 is discovered. Brown spot pathogen of beans X. axonopodis pv. glycines is sensitive to Epoxiconazole with Cyproconazole (Table 8) . During the analysis of bio pesticides influence on phypathogens wasn't found an effective bio preparation. Aktofit preparation with active substance which is a complex of natural avermectin of Streptomyces avermitilis is exception (Table 9 ). Table 9 Effect of fungicides on grain legumes phytopathogenic bacteria growth It is found that among a wide range of pathogens Aktofit preparation exhibit toxic effects only against P. carotovorum, which is necessary in practical and theoretical perspective. So «Аkrоfіt» preparation can be recommended for fighting against parasitic microflora, ant also against the causative agent of soft rot of potatoes -P. carotovorum.
Some biological fungicidal activity are recommended as antibacteria but they effect plants just stimulating it. Broad action against fungi, bacteria and viruses "Mikosan-B" pesticide does not exhibit antibacterial properties against phytopathogenic bacteria: P. syringae UKM В-1027 T , P. fluorescens 8573, P. carotovorum UKM В-1095 T , X. campestris pv. сampestris 8003b, C. michiganensis subsp. michiganensis 10 2 , A. tumefaciens UKM В-1000.
Researched pathogenic to leguminous crops bacteria preferably not sensitive and are resistant to chemical pesticide widely used in agriculture. Phytopathogenic bacteria of Xanthomonas genus are exeption in these studies. This genus is most sensitive to a variety of pesticides, which can be explained by the presence of adsorb properties of exopolysaccharides. Bacteria of Pseudomonas genus are the least sensitive to different preparations. However the presence of strain sensitivity, demonstrate the wide range of adaptive changes in different types of pathogens.
Despite significant economic benefits, we should not forget and underestimate the environmental impact of pesticides. Sensitive phototrophs to herbicides are the primary producers of live energy. Reducing of their amount is displayed on all levels of the food chain of the ecosystem. Also insecticides are extremely dangerous to beneficial insects, especially for bees -the main pollinators of flowering plants [37] . A work towards minimizing the impact of agrochemicals on environment should always be conducted, for example micro encapsulation for controlled isolation and prolonged action of pesticides reduces the level of their toxicity [38] . In the fight against bacteriosis of agricultural crops as an alternative to highly toxic dithiocarbamates (Thiram) the authors suggest treatment with iodine, amino acids and other stimulants of plant specific immune response of both plant and bacterial origin. Pesticides may have different impact on microorganisms, particularly phytopathogenic. Some of them, such inorganic compounds of copper, sulfur, mercury, ethylenebisthiocarbamates, exhibit rapid antibacterial activity. However, most of pesticides do not have a visible effect, which in fact does not mean the total absence of changes in the bacterial cells. Conversely, pesticides particularly poorly or bactericidal play role of limiting selection factor and their possible mutagenic effect contributes to microevolution of stable bacterial populations containing unpredictable property changes.
Conclusions
Among all tested pesticides, the thiocarbamate fungicides demonstrated significant inhibitory action on phytopathogens, but their effect may be neutralized by other constituents of multicomponent preparations. Triazole fungicides affect the causative agents of bacteriosis of crops at a dose of more than 1% of the active substance in the nutrient medium. Insecticides and herbicides have little or no effect on phytopathogenic bacteria; however they can enhance morphological dissociations of some Pseudomonas strains, thereby increasing their ability to survive. The fact that the sensitivity of phytopathogenic bacteria to pesticides is strain-dependent should be considered in practice, particularly, assessment of the antibacterial action of various preparations should not be limited to a single bacterial strain.
Rational plant protection strategies must necessarily include accurate diagnosis of infecting agent, which will ensure optimal use of the method of protection, let use chemical preparation of directed action and reduce toxic and mutagenic burden on the environment. To improvement of ecological situation of agrocenoses biological plant protection products, which are not inferior in efficacy chemical preparations and is environmentally safe, should be implemented more widely.
